Abstract: Using distillers dried grains with solubles (DDGS) as a feed ingredient in poultry nutrition has lately been increased. This study was conducted to evaluate the effect of adding different dietary levels of DDGS on the productive performance of broiler chicks from 1 to 35 d of age. Two hundred forty one-d-old broiler chicks were randomly distributed among 3 treatment groups with eight replicates of 10 chicks each. Chicks were fed a broiler diet containing 0.0, 5.0, or 10.0% DDGS. Results obtained from the present study showed no significant differences in body weight, body weight gain, feed intake and mortality rate among dietary treatments from 1-35 d of age. Feed conversion ratio and performance index were significantly better for chicks fed diet containing 5.0% DDGS than those fed diet containing 0.0% DDGS from 8 to 14 d of age only, but were no differences between chicks fed 10.0% and those fed either 0.0 or 5.0% DDGS. These results indicated that adding 5.0% DDGS into broiler diets showed a beneficial effect on feed conversion ratio with the best performance index from 8-14 d of age. Therefore, results suggest that DDGS can be safely added into diet as an alternative source of protein and energy from 1 to 35 d of age up to 10.0% without negative effect on productive performance of broiler chicks.
INTRODUCTION
In the next years, corn will be not completely available for using as a natural energy source to produce ethanol in the most produced countries. Therefore, the price of the corn in the feedstuff market will be increased. So, poultry nutritionists over the world have been searched intensively for feed ingredient alternatives to replace partially with corn and soybean meal in poultry diet. Distiller dried grains with solubles (DDGS) are a byproduct obtained from ethanol production of cereal grains. Previous studies has demonstrated that DDGS becoming available now in reasonable prices and quantities. Therefore, DDGS now is recognized as an acceptable, attractive and potentially valuable feed ingredient substitute for poultry to replace partially with expensive soybean meal recognized as the main protein source to produce less expensive diets (Runnels, 1966; Aleniier and Combs, 1981; Parsons et al., 1983; Batal and Dale, 2003; Rausch and Belyea, 2006; Noll et al., 2007; Swiatkiewicz and Korelski, 2008; Wu-Haan et al., 2010) . DDGS contains about 3-fold increase in protein, fat and minerals compared with corn (Liu, 2011) . DDGS are mainly source of crude protein (CP) (Belyea et al., 2004) containing about 26.0 to 53.39% CP (Cromwell et al., 1993; Spiehs et al., 2002; Kim et al., 2008; Applegate et al., 2009) and approximately 2146 to 3554 kcal ME/kg (NRC, 1994; Batal and Dale, 2006; Fastinger et al., 2006; Parsons et al., 2006; Rochell et al., 2011) . The amino acid profile of DDGS is very similar to that of corn. Therefore, DDGS is limiting in lysine content ranged from 0.48 to 1.02% (Cromwell et al., 1993; Spiehs et al., 2002) . In addition to protein and energy, DDGS contains crude fat ranged from 2.0 to 14.1% (Cromwell et al., 1993; Spiehs et al., 2002; Liu, 2008; Saunders and Rosentrater, 2009; Rochell et al., 2011) and a beneficial unidentified growth factor (Jensen, 1981) . In addition to that, DDGS also is recognized as a useful source of the water-soluble vitamins for poultry (Morrison, 1954; Matterson et al., 1966) . However, the main problems in the limitation of the use of DDGS for poultry are their considerable variability of nutrient composition content among different DDGS sources and low quality of some nutrients (Cromwell et al., 1993; Spiehs et al., 2002; Lumpkins et al., 2004; Batal and Dale, 2006; Fastinger et al., 2006; Swiatkiewicz and Koreleski, 2008) . Early studies recognized that DDGS can be added into poultry diets at level less than 5.0% (Scott, 1970; Jensen, 1981; Parsons et al., 1983) . Waldroup et al. (1981) reported that DDGS can use in broiler diet up to 25% without harmful effect on body weight gain and feed conversion ratio. In another study, Parsons et al. (1983) found that DDGS can replace up to 40% of soybean meal protein in broiler diet. On the other hands, it has been observed different effects for adding DDGS to poultry diet in recent years. While some studies reported a reduction in productive performance as a result of adding DDGS into broiler diet , another studies observed no negative effects of adding DDGS in broiler diet on growth performance (Matterson et al., 1966; Waldroup et al., 1981; Parsons et al., 1983; Lumpkins et al., 2004; Min et al., 2009; Loar et al., 2010; Shim et al., 2011) . In controversy, improvements in body weight gain after adding low levels of DDGS into broiler diets were observed by Day et al. (1972) and Couch et al. (1957) . Therefore, the objective of the present study was to determine the effects of three different levels (0.0, 5.0 and 10.0%) of DDGS into diet from 1-35 d of age on the productive performance of broiler chicks. 
MATERIALS AND METHODS
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from a local commercial hatchery. Chicks were weighed and randomly distributed in battery cages equipped with source of heat, a trough feeder and a trough waterer among three treatment groups with eight replicates of 10 chicks per replicate. Chicks were assigned to each feed of one of three broiler diets containing 0.0, 5.0 or 10.0% DDGS. All experimental diets were isocaloric and isonitrogenous and contained 3050 kcal/ME/kg and 22% CP, which met the broiler nutritional requirement according to NRC (1994) from 1-35 d of age as shown in Table 1 . Feed and water were provided ad libitum and lighting regime was continuous throughout the entire course of the study. The temperature was maintained at 32°C for the first week and then reduced until a temperature of 22°C was achieved by the fourth week, gradually. Body weight, body weight gain, feed intake, feed conversion ratio, mortality rate and performance index were weekly recorded from 1-35 d of age. (Duncan, 1955) .
DDGS analyzed and used in the present study contained 90.50% dry matter, 33.26% crude protein, 5.01% crude fiber, 10.50% ether extract, 4.49% ash and 3070 kcal ME/kg. These results were within the values reported by several studies (Cromwell et al., 1993; NRC, 1994; Spiehs et al., 2002; Batal and Dale, 2006; Fastinger et al., 2006; Parsons et al., 2006; Kim et al., 2008; Liu, 2008; Applegate et al., 2009; Saunders and Rosentrater, 2009; Rochell et al., 2011) . The initial body weight was similar among dietary treatments. Also, No significant differences in body weight, body weight gain, feed intake and mortality rate were observed among dietary treatments throughout the experimental period (Table 2) . The results obtained from the present study noted that there were significant differences in feed conversion ratio and performance index among dietary treatments only from 8 to 14 d of age. At this period, feed conversion ratio and performance index were significantly better for chicks fed diet c ontaining 5.0% DDGS than those fed diet containing 0.0% DDGS, but were no differences between chicks fed 10.0% and those fed either 0.0 or 5.0% DDGS. These results indicated that adding 5.0% DDGS into broiler diets showed a beneficial effect on feed conversion ratio with the best performance index from 8-14 d of age (Table 2 ). The mortality rate was not differed among dietary treatments and was within the normal range values throughout the experimental period (Table 2) . There were differences in the results obtained from adding DDGS into broiler diets on productive performance in the previous studies. Some research observed a reduction in productive performance o f poultry after adding DDGS into the broiler diet up to 15.0% . Lumpkins et al. (2004) noted that DDGS can be used in high density broiler diets up to 15% from 1-18 d of age without effect on productive performance, but observed a reduction in body weight gain and worse feed conversion ratio at 7 and 14 d of age for broiler fed low density diets containing 15.0% DDGS from 1-21 d of age. Therefore, they recommended using DDGS up to 6.0 and 12.0 to 15.0% into broiler diets from 1 to 21 and from 22 to 42 d of age, respectively. However, several studies found no negative effects on productive performance of broiler chicks fed diets containing up to 20.0% DDGS (Matterson et al., 1966) . Waldroup et al. (1981) reported no negative effects on productive performance for adding 25% DDGS into broiler diet. Also, Parsons et al. (1983) found that DDGS can replace up to 30% of the soybean meal in starter diet without negative effect on productive performance of broiler. Thacker and Widyaratne (2007) found n o significant differences in body weight gain, feed intake and feed conversion ratio with a reduction in productive performance of broiler fed 20.0% wheat DDGS. Therefore, they concluded that wheat DDGS can use into broiler diets up to 15.0% without negative effect o n productive performance of broiler chicks. Wang et al. (2007a) observed no negative effect on growth rate, but resulted in increase feed intake and consequently worse feed conversion ratio after adding 25.0% DDGS into broiler diet. They concluded that DDGS can be safely added into broiler diets at levels ranged from 15.0 to 20.0% with little negative effect on productive performance. In the same year, Wang et al. (2007b) reported no negative effect on productive performance of broiler fed grower and finisher diets containing DDGS up to 15.0% from 1 to 42 d of age. Also, Youssef et al. (2008) fed broiler diets containing 0, 5, 10 or 15% DDGS from 12-35 d of age. They noted no significant effects of increased DDGS levels on feed intake and body weight gain, but feed conversion ratio was worse at the highest DDGS level (15.0%). Therefore, they suggested that DDGS can be used as a protein source in broiler diets from 12-35 d up to 10.0-15.0%. In the same year, Swiatkiewicz and Koreleski (2008) suggested that DDGS can be safely added from 5.0 to 8.0% into starter broiler diet and from 12.0 to 15.0% into grower and finisher broiler diets. Other studies reported that DDGS can be used in broiler diets up to 20.0% from 1 to 18 d (Min et al., 2009 ) and up to 24.0% from 1 to 42 d (Shim et al., 2011) without negative effect on productive performance. Also, Cuevas et al. (2012) found n o negative effect on productive performance of broiler fed a diet containing 7.0% DDGS from 1 to 49 d of age. Later, Kaya and Sahin (2013) concluded that supplementing diets with DDGS can be safely used up to 15% without negative effect on productive performance of broiler chicks. Likewise, Loar et al. (2009) found a better growth performance in broilers fed diet containing up to 8.0% DDGS. Also, Loar et al. (2010) reported that DDGS can be added into broiler diet up to 8.0% from 1 to 14 d of age and up to 15.0% from 14 to 42 d of age without negative effect on productive performance. They found Results obtained from the present study suggest that that increasing DDGS levels from 7.5, 15.0, 22.5, to 30.0% added into grower diets from 14 to 28 d resulted in a linear decrease in body weight gain. They also noted that chicks consumed feed containing 0.0% DDGS in starter diet exhibited a reduction in feed intake with the higher levels of DDGS used into grower diet, whereas chicks that received 8.0% DDGS in starter diet were unaffected by adding DDGS level in grower diet. They a lso observed that feed conversion ratio and mortality rate were unaffected by DDGS level in grower diet. Finally, they suggested that the young broiler can be negatively affected with adding 15.0% DDGS or higher up to 28 d of age. Later, Shim et al. (2011) recorded higher growth rate of broiler chicks fed DDGS at levels >8.0% from 1-18 d of age and without effect on growth rate at 42 d of age. There are many factors limiting using high levels of DDGS in young broiler chicks diets among them lysine deficiency (Lumpkins et al., 2004; Swiatkiewicz and Kolreleski, 2008) , imbalance of essential amino acids (Lumpkins et al., 2004) , fiber content (Martinez, 2005) and ability of to digest complex carbohydrates (Montagne et al., 2003) . Several studies noted that DDGS can be added at higher levels in broiler diets after adjusting the energy and lysine content of DDGS (Waldroup et al., 1981; Parsons et al., 1983; Wang et al., 2007a,b; Shim et al., 2011) . Overheating of DDGS probably resulted in destructing high susceptibility amino acids such a s lysine recognized as the first limited amino acid i n DDGS (Swiatkiewicz and Kolreleski, 2008) . The reason for the differences observed among the results obtained in the present study for using DDGS in broiler diets and the results recorded in the previous studies might be attributed to the considerable variations in nutrient content, chemical composition among DDGS sources used resulted from the variation in the agronomic and geographical effects, oil extraction, ethanol processing procedures, genetic variation i n cereal grains used (Cromwell et al., 1993; NRC, 1994; Leeson et al., 1996; Belyea et al., 1998; Spiehs et al., 2002; Batal and Dale, 2003; Amezcua et al., 2004; Belyea et al., 2004; Lumpkins and Batal, 2005; Batal and Dale, 2006; Fastinger et al., 2006; Parsons et al., 2006; solubles. Bioresour. Technol., 66: 207-212. Amezcua and Parsons, 2007; Swiatkiewicz and Koreleski, 2008; Liu, 2009; Kingsly et al., 2010; Dozier III et al., 2011; Liu, 2011; Rochell et al., 2011; Gehring et al., 2013) . Variations in metabolizable energy (ME), lysine, phosphorus and sodium content may negatively impact the precision of formulation, resulted in adverse effects on productive performance. Therefore, the nutrient content of DDGS must be recognized to optimize using DDGS in broiler diets. For example, the overestimation or underestimation of energy of DDGS may adversely affect productive performance (Leeson et al., 1996; Saunders and Rosentrater, 2009; Dozier III et al., 2011) . DDGS can be safely added to diet from 1 to 35 d of age up to 10% without negative effect on productive performance of broiler. However, further studies using dietary higher levels of DDGS with/without exogenous enzymes and amino acids especially lysine o n productive performance of broiler may need to b e investigated.
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